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Introduction: 


A  major  advance  in  breast  cancer  research  over  the  past  few  years  has  been  the  identification  of 
genes  which  are  responsible  for  hereditary  breast  cancer,  namely  BRCA1  and  BRCA  2  genes  (1, 
2).  However  the  actual  roles  of  these  two  genes  in  breast  tumorigenesis  are  not  clear.  For 
example,  the  basis  of  the  vast  variation  in  penetrance  of  different  mutations  in  these  two  genes, 
variations  of  the  same  mutation  in  different  individuals  of  a  similar  family  and  variations  among 
families,  are  not  clear.  We  would  like  to  begin  to  understand  the  earliest  steps  in  histopathologic 
appearance  and  potentially  associated  genomic  alterations  as  breast  cancer  begin  to  arise  in  high 
risk,  BRCA  -carrying  individuals.  No  studies  to  date  have  systematically  examined  the  early 
consequences  of  inheritance  of  a  mutation  in  the  BRCA-1  or  BRCA-2  genes  for  corresponding 
early  changes  in  breast  histopathology.  In  addition,  no  studies  have  addressed  the  correlation  of 
such  early  abnormalities  in  the  breasts  of  BRCA  mutation  carriers  with  genomic  gains,  losses, 
loss  of  heterozygozity  (LOH),  or  replication  error  repair  instability.  Studies  of  morphologically 
normal  lobules  adjacent  to  sporadic  breast  cancer  have  shown  the  presence  of  LOH  in  these 
morphologically  "normal"  tissues  suggesting  the  presence  of  a  "field  effect"  of  preexisting 
genomic  damage  in  the  gland,  which  gives  rise  to  the  tumor  (3).  Two  recent  studies  have  shown 
cytogenetic  abnormalities  in  prophylactic  mastectomy  specimens  characterized  by  hyperplasia 
without  atypia,  from  patients  with  a  positive  family  history  of  breast  cancer  (unknown  BRCA 
status)  (4,  5).  Taken  together,  these  studies  suggest  that  there  may  be  detectable  early  genomic 
changes  in  the  breasts  of  high  risk  patients  with  inherited  predisposition  to  breast  cancer. 
Characterization  of  such  changes  may  provide  further  insight  into  the  onset  and  progression  of 
breast  tumors  in  these  patients. 

In  this  project  we  are  evaluating  the  early  genomic  changes  that  occur  in  the  mammary  glands  of 
patients  with  increased  predisposition  to  breast  cancer  because  of  germline  mutations  in  the 
BRCA-1  or  BRCA-2  genes.  To  address  this  question  we  are  analyzing  mammary  tissues  from  a 
group  of  patients  with  such  mutations.  Our  analysis  will  include  tumor  tissues  from  patients  with 
breast  cancer,  normal  surrounding  tissues  to  breast  tumors,  contralateral  prophylactic 
mastectomy  samples  from  patients  with  breast  tumors  and  prophylactic  mastectomy  samples 
from  patients  with  no  breast  tumors.  Our  evaluation  of  these  samples  is  done  using  a 
combination  of  molecular  tests  and  expert  pathology  review.  Following  careful  evaluation  of 
each  sample  by  pathologist,  we  will  study  loss  of  heterozygozity  (LOH)  at  loci  on  chromosome 
17  in  patients  with  BRCA-1  mutations  and  on  chromosome  13  in  patients  with  BRCA-2 
mutations.  In  addition,  a  genome  wide  search  for  chromosomal  gains  and  losses  will  be 
conducted  on  all  samples  using  comparative  genomic  hybridization  (CGH).  The  overall  purpose 
of  this  work  is  to  learn  more  about  the  natural  history  of  BRCA  -  positive  breast  lesions  and  to 
improve  the  molecular  diagnosis  of  BRCA  malignancy-  associated  changes.  These  studies  should 
aid  to  improve  early  detection  and  diagnosis  of  hereditary  breast  cancer  and  provide  more 
information  when  considering  prevention  strategies  for  such  women  at  risk. 

Body: 

During  the  first  year  of  this  project  we  have  actively  proceeded  to  achieve  the  groundwork  for 
the  success  of  this  study.  Specifically,  we  have  recruited  Dr.  Luciane  Cavalli,  a  postdoctoral 
fellow  with  an  excellent  experience  in  cytogenetics  and  molecular  biology.  Dr.  Cavalli  started 
her  fellowship  in  October  1999.  Her  CV  is  attached.  Progress  relative  to  our  statement  of  work 
(revised  and  previously  approved  according  to  reviewers'  suggestions)  is  as  follows. 

Patient  accrual: 
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Over  the  past  year,  we  have  continued  to  collect  tissues  from  high  risk  patients  with  known 
BRCA  status.  At  present  we  have  accrued  15  patients  with  BRCA  mutations: 

10  patients  with  BRCA-1  mutations  and  5  patients  with  BRCA-2  mutations.  (This  number 
represents  the  subset  of  the  high  risk  patients  who  have  BRCA-1/2  mutations). 

Pathology  review  of  the  BRCA  1/2  positive  patients: 

Tissue  is  available  from  14  of  15  cases: 

Sclerosing  adenosis  and  cystic  change  are  present  in  all  fourteen  cases. 

Usual  ductal  hyperplasia  is  seen  in  seven  and  atypical  ductal  hyperplasia  in  one  case. 

Atypical  lobular  proliferation  is  seen  in  one  case.  Fibroadenomatoid  hyperplasia  is  present  in 
three  cases.  A  small  duct  papilloma  is  seen  in  one  case. 

Laser  capture  microdissection  (LCM): 

Dr.  Cavalli,  with  the  assistance  of  our  pathologist,  Dr.  Baljit  Singh,  was  trained  to  use  the  LCM 
system  which  is  available  in  our  tumor  bank.  She  has  spent  several  hours  of  training  using 
sporadic  breast  tumor  samples  available  from  our  tumor  bank.  In  addition  Dr  Cavalli  has 
established  a  contact  with  the  NIH  LCM  core  facility,  directed  by  Drs.  Robert  Bonner  and  Lance 
Liota.  She  has  visited  the  facility  and  had  the  chance  to  interact  with  the  core  staff  and  discuss 
the  protocol  they  follow.  This  interaction  is  very  helpful  to  our  group  because  it  gives  us  access 
to  the  lab  that  discovered  and  developed  the  LCM  technique.  In  June  2000,  Drs.  Haddad,  Singh 
and  Cavalli  attended  the  LCM  symposium  held  at  NIH  where  several  presentations  and 
discussions  took  place  from  different  groups  using  this  approach.  The  meeting  allowed  very 
helpful  interactions  to  take  place  among  users  and  experts  in  the  field.  At  present,  Dr.  Cavalli  is 
well  trained  to  use  LCM  on  our  BRCA-1/2  samples  and  will  be  starting  this  in  the  second  year  of 
the  grant. 

LOH  studies: 


The  PCR  conditions  to  study  several  of  the  LOH  loci  on  chromosomes  13  and  17  which  are 
needed  for  this  project  have  been  established  and  validated  using  DNA  extracted  from  blood  and 
from  tumor  tissues.  We  are  presently  in  the  process  of  optimizing  the  conditions  for  DNA 
obtained  from  laser  capture  microdissected  (LCM)  specimens. 

To  achieve  that  optimization,  we  are  using  sporadic  breast  samples  which  are  available  from  our 
tumor  bank.  Once  this  is  completed,  we  will  test  our  15  BRCA-1/2  mutation  positive  samples 
(plus  all  newly  accrued  patients). 

Figure  1  shows  LOH  analysis  performed  in  our  lab  on  samples  from  one  of  our  patients  with  a 
BRCA-1  mutation  and  breast  cancer  for  the  locus  D17S855  (a  BRCA-1  intragenic  locus). 

Analysis  of  DNA  prepared  from  the  patient's  lymphocytes  (Fig  1,  "Blood")  and  the  normal  breast 
tissues  (prophylactic  mastectomy)  (Fig  1,  "Normal  Breast")  show  2  peaks  representing  2  alleles 
while  the  DNA  from  the  breast  tumor  (Fig  1,  "Breast  tumor")  show  loss  of  heterozygozity  for 
that  locus. 
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CGH  evaluation: 


CGH  analysis  using  fresh  tissues  and/or  archival  formalin-fixed,  paraffin-embedded  tumors  is 
routinely  performed  in  our  lab.  Dr.  Cavalli  was  trained  to  use  this  technique  and  will  apply  it  to 
evaluate  our  samples.  Figure  2  shows  the  analysis  from  the  breast  tumor  described  in  the 
previous  paragraph  from  the  same  patient  with  BRCA-1  mutation.  The  profile  shows  both  gains 
and  losses  of  chromosomal  material.  The  five  vertical  lines  on  the  right  side  of  the  chromosome 
ideograms  reflect  different  values  of  the  fluorescence  ratio  between  the  test  DNA  prepared  from 
tumor  cells  and  the  control  DNA.  The  values  are  0.5,  0.75,  1,  1.25  and  1.5  from  left  to  right.  The 
ratio  profile  (curve)  was  computed  as  a  mean  value  of  at  least  8  metaphase  spreads  (n  is  the 
number  of  chromosomes  used  to  generate  each  ratio  profile).  Gains  are  noticed  on  chromosomes 
6q,  9,  lOp,  and  1  lq,  amplification  on  chromosome  8q  and  losses  on  chromosomes  4,  8p  and  18. 
We  plan  to  perform  this  assay  on  all  our  samples  during  the  second  year  of  the  project. 

Revised  statement  of  work: 


Year  1:  In  the  first  year,  we  will  obtain  hereditary  breast  tumors  with  associated  mastectomy 
tissue  as  well  as  prophylactic  mastectomies  from  BR CA  carriers.  [Completed].  We  will  also  fully 
establish  and  validate  all  necessary  LOH  assays,  following  pathologic  review  of  all  specimens, 
for  comparison  of  their  genomic  changes  relative  to  nearby  pathologically  reviewed  and 
microdissected  non-tumor  tissue  (Aims  1  and  2).  [Completed]. 

Year  2:  In  the  second  year,  specimen  collection  will  continue.  Aims  1  and  2  will  continue,  and 
Aims  3  and  4  (study  of  pathologically  reviewed  contralateral  prophylactic  mastectomy  tissues 
and  pathologically  reviewed  bilateral  prophylactic  mastectomy  tissues)  will  begin. 

Year  3:  In  the  third  year,  all  4  aims  will  be  completed  and  data  analyzed.  Specifically, 
pathologic  diagnosis  will  be  correlated  with  genomic  and  chromosomal  changes  for  each  aim. 

Key  Research  Accomplishments: 

-Accrued  15  patients  with  BRCA  1/2  mutations  who  underwent  mastectomy  and/or  prophylactic 
mastectomy. 

-Reviewed  tissues  by  an  expert  pathologist. 

-Optimized  conditions  for  LOH  studies  using  DNA  from  both  lymphocytes  of  patients  with 
BRCA  1/2  mutations  and  LCM  samples  from  archival  tumors. 

-Optimized  conditions  for  CGH  studies  of  archival  breast  tumor  tissues  from  BRCA  1/2  mutation 
carriers. 

Reportable  outcomes:  N/A 
Conclusions: 

In  this  first  year  we  have  established  the  groundwork  for  the  success  of  this  project.  As  described 
in  our  "revised  statement  of  work",  we  have  obtained  hereditary  breast  tumors  with  associated 
mastectomy  and  prophylactic  mastectomy  tissues  from  BRCA  carriers.  We  established  and 
validated  the  necessary  LOH  assays.  A  pathologist  evaluated  the  tissues  and  helped  in 
establishing  the  LCM  technique  in  our  lab.  We  will  now  address  our  primary  hypothesis: 
Genomic  changes  (genomic  gains,  losses,  LOH,  or  replication  error  repair  instability)  may  be 
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detected  in  the  histologically  abnormal,  premalignant  and  malignant  regions  in  the  breasts  of 
BRCA  carriers.  These  changes  may  also  be  present  in  tissues  adjacent  to  BRCA-  associated 
cancer  and  in  prophylactic  mastectomy  specimens,  thus  representing  the  earliest  detectable 
changes.  In  the  upcoming  two  years  we  will  look  for  these  changes  in  our  collection  of 
specimens.  These  data  should  aid  in  improved  early  detection  and  diagnosis  of  hereditary  breast 
cancer  and  provide  more  information  when  considering  prevention  strategies  for  such  women  at 
risk. 
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